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This manuscript describes the analysis of the effect of cellulose, carboxymethylcellulose
(CMC), xylan, and xylose as inducers of cellulase and xylanase activity production by Gano-
derma applanatum MR-56 and the optimization of their production in liquid cultures by sta-
tistical methods. The PlacketteBurman screening design was applied to identify the most
significant inducers of xylanase and cellulase activities production by G. applanatumMR-56.
The most significant effect on xylanase and cellulase activities production was exercised
by cellulose, even if xylose and CMCwere also effective at some times. The combined effect
of cellulose, yeast extract, and pH was analyzed by a 23 factorial experimental design with
four central points that showed that the maximum tested cellulose (1 % w/v) and yeast ex-
tract (5 g L1) concentrations gave the maximum production of xylanase (8.24 U mL1) and
cellulase (3.29 U mL1) activity at pH 6 and 4, respectively. These values achieved for cellu-
lase and xylanase activity represent 12e25 fold and 36 fold higher values than the maxi-
mum so far reported for other strains of G. applanatum, respectively.
ª 2014 The British Mycological Society. Published by Elsevier Ltd. Open access under Introduction simultaneous decay to preferential removal of lignin. TheThe fungus Ganoderma applanatum is a widely distributed
wood-decaying Basidiomycete (Dinis et al. 2009). Species of
Ganoderma are important wood decay fungi occurring on coni-
fers, hardwoods throughout the world (Elisashvili et al. 2009).
They are white-rot fungi with the ability to decay wood fromical Sciences, University
1 674315; fax: þ39 081 674
aco).
ciety. Published by Elsevmost known species of the genus Ganoderma, namely Gano-
derma lucidum, has an array of pharmacological properties
for immunomodulatory activity (Russell & Paterson 2006).
The increasing demand for enzyme production has enhanced
the need for investigating new enzyme sources. In recent
years, the potential use of mushrooms as biotechnologicalof Naples “Federico II”, Complesso Universitario Monte S. Angelo,
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656 D. N. X. Salmon et al.sources of enzymes has stimulated interest in their
exploration.
Bioethanol is themost produced biofuel worldwidewith al-
most 74 billion litres in 2009, EU ranking third behind United
States (54 %) and Brazil (34 %), with a production of 3.7 billion
litres in 2009 (Soccol et al. 2011). The key step for conversion of
lignocellulosic biomass into fermentable sugars for fuel etha-
nol production is represented by the hydrolysis of polysaccha-
rides, resulting from biomass pretreatment, by the enzymes
cellulases and hemicellulases. Filamentous fungi are the ma-
jor source of cellulases and hemicellulases. As far as cellulases
are concerned, there are three main enzymatic activities in-
volved in cellulose hydrolysis: (1) endoglucanases (EC
3.2.1.4); (2) exoglucanases, including D-cellodextrinases (EC
3.2.1.74) and cellobiohydrolases (EC 3.2.1.91); and (3) b-glucosi-
dases (EC 3.2.1.21). As far as hemicellulases are concerned,
endo-b-1,4-xylanases (EC 3.2.1.8) and b-xylosidases (EC
3.2.1.37) are required for degradation of the xylan backbone,
while auxiliary enzymes such as a-glucuronidases (EC 3.2.1),
a-arabinofuranosidases (EC 3.2.1.55), acetylesterases or acetyl
xylan esterases (EC 3.1.1.6) are required to achieve the com-
plete degradation of complex substituted xylans.
One of themain challenges for achieving economical feasi-
bility of lignocellulosic ethanol is reducing the high cost of cel-
lulase and xylanase enzymes for biomass hydrolysis.
Research on regulation of cellulase and xilanase genes’ ex-
pressionmay be very useful for increasing production of these
enzymes in their native producers.
This manuscript describes the analysis of the effect of sev-
eral compounds known as inducers of cellulase and xylanase
production (Amore et al. 2013) on the production of cellulase
and xylanase activities by G. applanatum and the optimization
of their production in liquid cultures by statistical methods.
Material and methods
Microorganism
The Basidiomycete Ganoderma applanatum was obtained from
the Bioprocesses Engineering and Biotechnology Department
culture collection from the Federal University of Parana
(UFPR, Curitiba, Brazil). The strain was maintained through
periodic transfer at 4 C on potato dextrose agar (PDA) plates
after cultivation of mycelial blocks (5  5 mm) at 30 C for 7 d.
Preinoculum
Fourmycelial blocks (5 5mm) ofGanoderma applanatumwere
inoculated in 50 mL of a modified Czapek liquid medium con-
sisting of 30 g L1 glucose, 6 g L1 yeast extract, 1 g L1 KH2PO4,
0.5 g L1 MgSO4, and 0.01 g L
1 FeSO4; pH 6.0, within a 100 mL
flask. The fungus was incubated in a shaker at 150 rpm, 28 C
for 7 d.
Preliminary study of inducers of Ganoderma applanatum
cellulase and xylanase activities production
The experiments were carried out in multiwells plates con-
taining 1.5 mL of medium and 3 % w/v of filtered pellets ofG. applanatum in each well. The medium consisted of
0.005 g L1 FeSO4$7H2O, 0.00156 g L
1 MnSO4$H2O,
0.0014 g L1, ZnSO4$7H2O g L
1, 0.002 g L1 CoCl2, 1.5 g L
1
KH2PO4, 0.15 g L
1 CaCl2, 0.15 g L
1 MgSO4$7H2O, and
2.5 g L1 yeast extract (except in the studies of nitrogen sour-
ces) pH 6.0 and 1 % (w/v) of xylan, xylose, cellulose or carboxy-
methylcellulose (CMC). Different concentrations of cellulose
(0.25 %, 0.5 %, 1 %, 1.5 %, 2 %, and 2.5 % (w/v)) were also
compared.
Different nitrogen sources (1 g L1 yeast extract, 1 g L1
peptone, and 1 g L1 ammonium sulphate) were tested using
0.5 and 1 % w/v cellulose as carbon source.
The plates were incubated at 28 C under 150 rpm of agita-
tion. The supernatant was recovered by centrifugation and
analyzed to evaluate the cellulase or xylanase activity. The
samples were monitored during 24e168 h of fermentation at
intervals of 24 h. All the experiments were performed in
triplicates.Enzymatic activity assaysXylanase assay
Xylanase activity assay was performed according to Bailey
et al. (1992). The reaction mixture consisting of 1.8 mL of
a 1.0 % (w/v) suspension of birch-wood xylan in 50mM sodium
citrate at pH 5.3 and 0.2 mL of enzyme dilution (in 50 mM so-
dium citrate at pH 5.3) was incubated at 50 C for 5 min. Re-
leased reducing sugars were determined by dinitrosalicylic
acid reagent (DNS) method (Miller 1959), by adding 3 mL of
DNS solution and then incubating the mixture at 95 C for
5 min. Absorbance was measured at 540 nm. One unit of en-
zyme is defined as the amount of enzyme catalyzing the re-
lease of 1 mmol of xylose equivalent per minute.
Azo-CMCase assay
Endo-1,4-beta-glucanase activity produced in liquid culture
was assayed using Azo-CMC (Megazyme, Ireland) as sub-
strate, following supplier’s instructions.Statistical analysis
The inducers xylan, xylose, cellulose, and CMCwere tested us-
ing Surface Response Methodology (SRM) as the strategy for
optimizing cellulases and xylanases production adopting in-
ducers. The experimental designs are presented below. The
matrixes of PlacketteBurman (PB) factorial design and 23 fac-
torial experimental design were obtained by the Statistica 5.0
software (Statsoft Inc., 2008). The data collected were also an-
alyzed in the same software. Analysis of variance (ANOVA) of
data and graphics was also generated by the software. ANOVA
table consists of calculations that provide information about
levels of variability within a regressionmodel and form a basis
for tests of significance.PB factorial design for evaluation of the most significant
inducers
Based on PB 11/12 factorial design, each variable was exam-
ined at two levels: 1 for low level and þ1 for high level
Fig 1 e Effect of different compounds e 1 % xylan, 1 % xy-
lose, 1 % cellulose, 1 % CMC e on xylanase (A) and cellulase
(B) activities production by G. applanatum LPB MR-56 in liq-
uid culture in multiwell microplates.
Xylanase and cellulase activities production by Ganoderma applanatum 657(Supplementary Table 1). The factors used at the PB were 1 %
(w/v) xylan, 1 % (w/v) xylose, 1 % (w/v) cellulose, and 1 % (w/v)
CMC and D1, D2, D3, D4, D5, D6, and D7 represent dummy fac-
tors (Supplementary Table 2) (Plackett & Burman 1946).
23 Factorial experimental design
The influence of the factors cellulose, yeast extract, and pH
(Supplementary Table 3) on xylanase and cellulase activities
production was evaluated performing a 23 factorial experi-
mental design with eight experiments and four central points
totalizing 12 runs.
Validation of model generated by optimization
After achieving the data in a model of 23 factorial experimen-
tal design, complementary experiments (in triplicate) were
performed in Erlenmeyer flasks of 100 mL containing 50 mL
of medium and 3 % of preinoculum. The medium consisted
of 0.005 g L1 FeSO4$7H2O, 0.00156 g L
1 MnSO4$H2O,
0.0014 g L1 ZnSO4$7H2O g L
1, 0.002 g L1 CoCl2, 1.5 g L
1
KH2PO4, 0.15 g L
1 CaCl2, 0.15 g L
1 MgSO4$7H2O, at 28 C and
150 rpm of agitation. The conditions tested for validation
were the optimal conditions obtained after the optimization
strategy: 1 % w/v cellulose and 5 g L1 of yeast extract at pH
6.0 for xylanase activity production, 1 % w/v cellulose and
5 g L1 of yeast extract at pH 4 for cellulase activity production.
Then, the variables responses achieved experimentally were
compared to the responses obtained theoretically using the
model generated by the factorial design. If the results (exper-
imental and theoretical) do not differ significantly ( p < 0.05),
then the model may be validated.
Results
Analysis of inducers of Ganoderma applanatum LPB MR-56
cellulase and xylanase activities production
A preliminary screening of the potential inducers e xylan, xy-
lose, cellulose, and CMC e of cellulase and xylanase activities
production by G. applanatum LPB MR-56 was performed in
multiwell microplates. It revealed the effect of cellulose and
CMC as inducers of xylanase (Fig 1A) and cellulase (Fig 1B) ac-
tivities production.
The effect of different concentrations of cellulose was also
tested (Fig 2), showing that a similar maximum value was
achievedwith 0.25, 0.5, and 1%w/v cellulose for both xylanase
(Fig 2A) and cellulase activities production (Fig 2B).
Different nitrogen sources (yeast extract, peptone, and am-
monium sulphate) were tested using 0.5 and 1 % w/v cellulose
as carbon source (Fig 3). These experiments showed that the
best nitrogen source for xylanase and cellulase activities pro-
duction depends on the concentration of cellulose used. As
amatter of fact, for xylanase activity production, yeast extract
was revealed to be the best nitrogen source when using 1 %w/
v cellulose whilst peptone was the best nitrogen source when
using 0.5 % w/v cellulose. The opposite behaviour was
exhibited by these nitrogen sources for cellulase activity pro-
duction in the presence of 0.5 % w/v or 1 % w/v cellulose.The observed effect of cellulose concentration can be due to
the different C:N ratios in medium that affects fungal growth
and metabolism thus also affecting the enzyme production.Screening of inducers affecting xylanase and cellulase
activities production by PB design
The PB screening design was applied to identify the most sig-
nificant inducers of xylanase and cellulase activities produc-
tion by Ganoderma applanatum LPB MR-56 in liquid culture.
The results of the analysis reported in Table 1 (for xylanase ac-
tivity production) and Table 2 (for cellulase activity produc-
tion) showed different patterns at different times.
The Pareto Charts indicating the standardized effects of
the inducers on xylanase and cellulase activities production
are presented in Figs 4 and 5, respectively. ANOVA data are re-
ported in Supplementary Tables 4 (for xylanase activity pro-
duction) and 5 (for cellulase activity production).
The most significant inducer effect on xylanase activity
production was exercised by cellulose, even if xylose and
Fig 2 e Effect of different cellulose concentrations L 0.25 %,
0.5 %, 1 %, 1.5 %, 2 %, 2.5 % e on xylanase (A) and cellulase
(B) production by G. applanatum LPB MR-56 in liquid culture
in multiwell microplates.
658 D. N. X. Salmon et al.CMC were also effective at some times (Supplementary
Table 4). At 96 h cellulose represents the best inducer, and,
at 120 h, both cellulose and xylose are significant inducers,
cellulose being the best one. At 168 h, cellulose is themost sig-
nificant inducer followed by CMC.
As shown in Fig 4, reporting the Pareto Chart of xylanase
activity production at 120 h of fermentation, cellulose showed
significance at 95 % of confidence level ( p < 0.05) with a slight
positive effect (effect¼þ2.32) on xylanase activity production.
The highest inducer effect also on cellulase activity pro-
ductionwas performed by cellulose, even if xylosewas also ef-
fective at some times as reported in Supplementary Table 5.
The most statistically significant inducers for cellulase activ-
ity production were shown to be different at different times,
being (in order of significance when more inducers are
revealed) xylose, CMC, and cellulose at 96 h, cellulose and
CMC at 168 h.
In Fig 5, the Pareto Chart of cellulase activity production in
96 h of fermentation (R2¼ 0.83/R2 adj.¼ 0.77) is reported show-
ing the significant factors at 95 % of confidence level ( p< 0.05).
Xylose presented a slight negative effect (effect ¼ 1.05) on
cellulase production, while cellulose and CMC positively af-
fected cellulase activity production (effect ¼ þ0.79 and
effect ¼ þ0.98, respectively), even their effect were also slight.Analysis of combined effect of cellulose, yeast extract, and pH
on xylanase and cellulase activities production and validation
of model generated by the 23 factorial experimental design
To analyze the combined effect of cellulose, yeast extract, and
pH, a 23 factorial experimental design with 12 runs was per-
formed. This analysis for xylanase activity production showed
that the maximum cellulose (1 % w/v) and yeast extract
(5 g L1) concentrations gave the maximum activity values,
and that the optimal pH value was different at 72 (pH 6) and
96 (pH 4) h (Fig 6A), reaching 8.24 and 5.36 U mL1, respec-
tively. The ANOVA (Supplementary Table 6) shows the signif-
icant variables, adjusts parameters (R2 and R2 adj.) as the p
value for xylanase activity production.
For cellulase activity, the best combination was given by
the maximum cellulose and yeast extract concentrations
and pH 4 (Fig 6B), giving 3.29 U mL1. Supplementary Table 7
shows the ANOVA for cellulose production, including signifi-
cant variable, significant interaction, and statistic parameters.
For xylanase activity production in 72 h of fermentation,
the model which describes the Surface Response (Fig 6A) is
demonstrated by the Eq. (1):
Xyl Act:

UmL1
 ¼ 2:14þ 0:7605CEL 0:9695pH
þ 0:528CELpH (1)
where Xyl Act.¼ xylanase activity (UmL1); CEL¼ cellulose (%
w/v); pH ¼ pH value.
For cellulase activity production in 96 h of fermentation,
the model which describes the Surface Response (Fig 6B) is
demonstrated by the Eq. (2):
Cel Act:

UmL1
 ¼ 1:258þ 0:6105CELþ 0:76025YEA
þ 0:56CELYEA (2)
where Cel Act.¼ cellulase activity (UmL1); CEL¼ cellulose (%
w/v); YEA ¼ yeast extract (% w/v).
The evaluation experiments 23 factorial design performed
at the observed and predicted conditions demonstrated that
experimental values were reasonably close to the predicted
values confirming the validation and adequacy of the pre-
dicted models. The experimental results (average) did not dif-
fer significantly ( p< 0.05) with the theoretical values obtained
by the generated model (Supplementary Table 8).
Discussion
The preliminary screening of the potential inducers of cellu-
lase and xylanase activities production performed for Gano-
derma applanatum LPB MR-56 in multiwell microplates
revealed a maximum value for cellulase activity at 96 h in
the presence of cellulose of 1.75 U mL1, representing a 7-
and 13-fold higher value than those so far reported for other
strains of G. applanatum by Salinasa et al. (2011) e around
0.27 U mL1 e and Dinis et al. (2009) e around 0.13 U mL1, re-
spectively, especially considering that the Azo-CMCase activ-
ity assay adopted in this study gives lower values than the
CMCase activity assay reported in the manuscripts by
Salinasa et al. (2011) and Dinis et al. (2009). The highest xyla-
nase activity values achieved for G. applanatum LPB MR-56 at
144 (9.72 U mL1) and 120 (7.68 U mL1) h in the presence of
Fig 3 e Effect of different nitrogen sources e 1 g LL1 yeast extract, 1 g LL1 peptone, 1 g LL1 ammonium sulphate e on xylanase
activity production with 0.5 % of cellulose (A), xylanase activity production with 1 % of cellulose (B), cellulase activity pro-
duction with 0.5 % cellulose (C), and cellulase activity production with 1 % of cellulose (D), by G. applanatum LPB MR-56 in
liquid culture in multiwell microplates.
Xylanase and cellulase activities production by Ganoderma applanatum 659CMC and cellulose, respectively, are 42- and 33-fold higher
than the maximum (around 0.23 U mL1) so far reported for
another strain of G. applanatum (Dinis et al. 2009).
Themost significant inducers of xylanase and cellulase ac-
tivities production by G. applanatum LPB MR-56 in liquid cul-
ture were then identified by statistical methods. Cellulose
revealed to be the best inducer of cellulase activity production
but also CMC and xylosewere effective in inducing production
of this enzymatic activity, coherentlywith the results reported
for other fungi, being cellulose, CMC, and xylose typical in-
ducers of fungal cellulase activity production (Amore et al.
2013; Jourdier et al. 2013). Cellulose caused the highest induc-
tive effect on G. applanatum LPB MR-56 xylanase activity pro-
duction and xylose was also shown able to induce it.
Different inducibility of fungal xylanase genes’ expression
was observed in other fungi. In Trichoderma reesei, xylose in-
duces production of XYN1 whilst cellulose induces XYN2 pro-
duction (Zeilinger et al. 1996). Xylanase activity produced by
Aspergillus phoenicis is induced by xylan, xylose or beta-
methylxyloside (Rizzatti et al. 2008). Altaf et al. (2010) reported
that the values of xylanase activity of the basidiomycetes
Flammulina velutipes and Pleurotus eryngii using the inducer xy-
lose were higher than those produced with xylan, both for F.velutipes (5.3 U mL1 vs 4.36 U mL1) and P. eryngii
(6.83 U mL1 vs 1.26 U mL1). A different behaviour was ob-
served for hemicellulase activities of Thermoascus aurantiacus
whose production level was not increased by xylose (Brienzo
et al. 2012). Xylanase activity was produced by Thermomyces
lanuginosus TISTR 3465 at low level with xylose whilst xylan
showed the highest inductive effect on the enzyme formation
whereas xylobiose and xylooligosaccharides resulted in lesser
effect (Khucharoenphaisan et al. 2010).
The most effective inducers for G. applanatum LPB MR-56
xylanase and cellulase activities production were shown to
be different at different times that is typical of fungal xylanase
and cellulase activities induction (Amore et al. 2013) and can
be due to the complex fungal metabolism and its relationship
with the changeable conditions in the culture medium over
the time.
The combined effects of cellulose, yeast extract, and pH on
G. applanatum LPB MR-56 xylanase and cellulase activity pro-
duction was analyzed by a 23 factorial experimental design
with four central points that allowed identifying the condi-
tions that give the maximum production of xylanase
(8.24 U mL1) and cellulase (3.29 U mL1) activity. The highest
xylanase activity level thus achieved represents a 36 fold
Table 1 e PB screening of xylanase inducers.
Run Xylan Xylose Cellulose CMC Xylanase activity (U mL1)
24 h 48 h 72 h 96 h 120 h 144 h 168 h
1 1% 0 1% 0 0.109 1.00 3.970 4.393 4.970 2.764 1.801
2 1% 1% 0 1% 0.202 2.10 1.066 0.616 1.466 0.816 0.673
3 0 1% 1% 0 0.109 2.09 2.764 2.987 4.764 2.784 2.393
4 1% 0 1% 1% 0.202 1.05 3.228 2.950 4.228 3.414 1.466
5 1% 1% 0 1% 0.202 2.04 0.730 0.353 2.30 0.724 0.538
6 1% 1% 1% 0 0.109 1.92 2.49 2.31 4.49 3.32 1.96
7 0 1% 1% 1% 0.404 1.52 1.88 2.54 4.37 4.08 1.56
8 0 0 1% 1% 0.202 1.57 4.34 3.47 4.34 2.74 1.07
9 0 0 0 1% 0.202 1.01 0.912 1.37 2.115 1.19 0.588
10 1% 0 0 0 0.109 1.57 1.01 2.15 3.51 3.18 1.59
11 0 1% 0 0 0.219 2.98 1.49 0.909 2.49 0.816 0.622
12 0 0 0 0 0.109 0.745 1.37 1.58 1.37 1.69 0.799
13 (C) 0.5% 0.5% 0.5% 0.5% 0.156 2.31 3.97 3.84 3.97 2.02 2.02
14 (C) 0.5% 0.5% 0.5% 0.5% 0.156 2.64 3.04 3.44 3.04 1.74 1.20
15 (C) 0.5% 0.5% 0.5% 0.5% 0.156 1.61 3.04 3.44 3.04 2.49 1.37
16 (C) 0.5% 0.5% 0.5% 0.5% 0.156 2.40 3.78 3.75 3.78 1.37 1.37
17 (C) 0.5% 0.5% 0.5% 0.5% 0.156 2.40 3.14 3.32 3.14 1.28 1.30
660 D. N. X. Salmon et al.higher value than the maximum so far reported for other
strains of G. applanatum (Dinis et al. 2009). As far as cellulase
activity is concerned, the best combination gave a value of ac-
tivity representing 12 and 25 fold higher value than the maxi-
mum so far reported for other strains of G. applanatum by
Salinasa et al. (2011) and Dinis et al. (2009), respectively.
The estimated effects of the 23 factorial experimental de-
sign showed that for xylanase activity production, at 72 h of
fermentation, cellulose (%) and the interaction between cellu-
lose and yeast extract present significant positive effects on
xylanase activity production, whilst at 96 h, only the pH was
the significant variable, although the pH presented a negative
effect (0.9695) on xylanase activity. It means that if the initial
pH value of fermentation tends to values around 4.0 the max-
imum activity of xylanase would be achieved (Fig 6A).
Cellulose (%) ( p ¼ 0.030), yeast extract (%) ( p ¼ 0.0148), and
the interaction of these variables cellulose and yeast extractTable 2 e PB screening of cellulase inducers.
Run Xylan Xylose Cellulose CMC
24 h
1 1% 0 1% 0 0.206
2 1% 1% 0 1% 0.297
3 0 1% 1% 0 0.056
4 1% 0 1% 1% 0.351
5 1% 1% 0 1% 0.358
6 1% 1% 1% 0 0.034
7 0 1% 1% 1% 0.303
8 0 0 1% 1% 0.386
9 0 0 0 1% 0.607
10 1% 0 0 0 0.052
11 0 1% 0 0 0.045
12 0 0 0 0 0.034
13 (C) 0.5% 0.5% 0.5% 0.5% 0.142
14 (C) 0.5% 0.5% 0.5% 0.5% 0.070
15 (C) 0.5% 0.5% 0.5% 0.5% 0.044
16 (C) 0.5% 0.5% 0.5% 0.5% 0.269
17 (C) 0.5% 0.5% 0.5% 0.5% 0.038( p ¼ 0.038) demonstrated statistical significance ( p < 0.05)
for cellulase activity production. For example, if the concen-
tration of cellulose in themedium composition increases a lit-
tle more than 1 % w/v, and also for yeast extract, statistical
analysis indicated that the cellulase activity production also
increases (if considered 96 h of fermentation) (Fig 6B).
The experimental results (average) did not differ signifi-
cantly ( p < 0.05) with the theoretical values obtained by the
generated model (Supplementary Table 8). Then, the models
obtained by 23 factorial experimental design (shown in Eqs.
1 and 2, respectively) were experimentally validated in this
study.
In conclusion, this manuscript allowed identifying for the
first time the inducers of cellulase and xylanase activities in
G. applanatum LPB MR-56, reported an optimization of culture
conditions by statistical methods, and showed the ability of
this strain to produce cellulase and xylanase activities inCellulase activity (U mL1)
48 h 72 h 96 h 120 h 144 h 168 h
0.351 1.50 0.964 1.70 2.29 0.464
0.089 0.141 0.105 0.000 0.000 0.000
0.062 0.096 0.108 0.000 0.115 0.110
0.556 1.10 2.93 0.808 1.87 1.05
0.083 0.167 0.129 0.000 0.000 0.000
0.090 0.186 0.220 0.000 0.907 0.000
0.000 1.83 0.847 0.752 1.65 0.202
0.615 1.60 1.94 0.836 0.000 0.000
1.07 0.558 1.61 0.113 0.045 0.000
0.077 0.098 0.060 0.000 0.000 0.000
0.048 0.083 0.060 0.000 0.000 0.000
0.059 0.078 0.257 0.000 0.000 0.000
0.268 0.811 0.884 1.15 1.06 0.000
0.279 0.913 0.471 0.000 0.000 0.000
0.084 0.761 0.522 1.25 0.954 0.000
0.198 0.870 0.844 1.54 1.05 0.000
0.075 0.908 0.852 2.66 1.17 0.000
Fig 4 e Pareto Chart of xylanases production in 120 h of
fermentation (R2 [ 0.83/R2 adj. [ 0.78), showing the sig-
nificant factors at 95 % of confidence level ( p < 0.05). Effect
estimates and p values for factors tested in xylanase activity
production. Significant factor ( p < 0.05) was cellulose
( p[ 0.000007) with a respective effect ofD2.32. The factors
xylan, xylose, and CMC did not present significative effect
( p < 0.05) on xylanase activity production.
Fig 6 e Surface Response generated by the analysis of the
combined effect of cellulose, yeast extract, and pH by a 23
factorial experimental design on xylanase (A) and cellulase
Xylanase and cellulase activities production by Ganoderma applanatum 661liquid cultures at higher values than the maximum so far re-
ported for other strains of G. applanatum. Moreover, some cul-
ture conditions allowed the simultaneous production of both
cellulase and xylanase activities representing the ideal sce-
nario for using these enzymes for lignocellulose saccharifica-
tion aimed at bioethanol production.Fig 5 e Pareto Chart of cellulases production in 96 h of fer-
mentation (R2[ 0.83/R2 adj.[ 0.77), showing the significant
factors at 95 % of confidence level ( p < 0.05). Effect estimates
and p values for factors tested in cellulases production.
Significant factors ( p < 0.05): xylose ( p [ 0.000421), cellu-
lose ( p [ 0.003231), and CMC ( p [ 0.000712) and the re-
spective effects are L1.048, 0.79, and 0.98. The factor xylan
did not present effect significative ( p < 0.05) on cellulase
activity production.
(B) production in 9 h of fermentation.These results can contribute to the advancements in devel-
oping enzymatic mixtures for cellulose saccharification and
ethanol production.Acknowledgements
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